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Difficulty has been reported in landing a swept-wing airp e of

low aspect ratio having no horizontal tail ebosrd an aircraft c ier.
Final small corrections to the height of the sirplane in referepce to !
the carrier deck could not be made during the short period of t© avail-
eble. A theoretical investlgation was therefore conducted to determln
the reasons for the reportedly poor airplsne response to longitudinal
control. Some effects of airplene conflguration on the response, pri-
merily for short time periods, were also determined.

The results of the investigation indicated that a time lsg in height
response may have contributed to the reported poor airplane response to
longitudinal control over a short time period. For the particuler air-
plane for which difficulty had been reported, the indicated lag in
height response was malinly the result of low elevator effectiveness in
chenging the flight-path angle. 1In general, it was found that over a. :
short time the rate of changing the flight-path angle depends malnly .
on the magnitude of the welght, the moment of inertla, the slopes of !
the curves of pitching-moment and 1ift coefficlents as functions of
elevator deflectlon Cmﬁe and CLSe’ respectively, the slope of the
curve of 1lift coefficlent as a function of angle of attack Cp,, and
the avallable elevator deflection ABa. The magnitude of alrplane

damping and the magnitude of the 1ift-drag ratio, for a short period of
time, do not have an appreciable effect on the time of-helght response.

*Z.A00 °

The importance of the differences found in the response character-
istice between swept-wing airplanes of low aspect ratio having no hori-
zontal tail and conventionel airplanes can be evaluated only by flight
experlence. Other factors such as range of wvision, unusual control feel
the pilot's reaction to the relatively large nose-up attitudes of the

1A somewhat condensed and unclassified version of this report, undéqé
the authorship of Ralph W. Stone, Jr. and Willism Bihrle, Jr., entitled
"Studies of Some Effects of Airplane Configuration on the Response to \\
Longitudinal Control in Lending Approaches,' was presented before the

1953 Annual Meeting of the Imstitute of the Aeronsutical Sciences.
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-low-aspect-ratio swept-wing alrplanes, end psychologicael influences asso-
clated with new types of alrplanes may be of equal or greater importance.

INTRODUCTION

Difficulty in landing a swept-wing alrplene of low aspect ratio
having no horizontal tail aboard an aircraft carrier was reported which
appeared to be a problem of poor alrplane response to longitudinal con-
trol primerily in the lending-approach condition prior to engine cut.
Final small corrections to height of the airpleme in reference to the
carrier deck could not be made during the short period of time availa-
ble before engine cut. For example, in an approach where a height
correction had been attempted by pushing forward on the stick in order
to lose gome altitude, the pilot endeavored to retrlm at the desired
height behind the carrier deck but the airplane continued to descend.
The airplane would therefore have landed short of the lntended touchdown
point. The pilot felt that he waes not in control of the airplane as it
did not respond to moving the stick rearwerd during the time available
after the stick-forwsrd correction.

The difficulties encountered masy have been the results of aero-
dynamic differences between this airplene and other more conventionsal
airplanes which are common in carrier operations. On the other hand,
the difficulties may have resulted from limited vision, unusual control
feel, or psychological influences associated with s new airplane, par-
ticularly s new type of airplane which has a much higher nose-up atti-
tude in the landing approach than do conventional airplanes. A theo-
retical investigation was conducted in order to determine what effect
the differences in serodynamic characteristlice would have on the short-
time response to elevator control of this type of alrplane as compared
with the responses of a conventional alrplane, without regard to any
possible psychologlical influences. The results of this investigation
are presented in this paper.

Longitudinal airplane motions were computed on an snalog computer.
The response of an airplane having reportedly good landing cheracter-
istlce was compared with the response of an alrplane similar in con-
figuration to that of the airplane reportedly having poor height comtrol,
and also with the response of g third airplene having a generally
similar configuration but a lower-aspect-ratio wing and different mass
characteristics from those of the alrplane having poor height control.
The effects of the total elevator effectiveness, the change in 1ift
due to elevator deflection, the alrplane damping, and the ratio of 1ift
to drag on the response were Investigated.
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SYMBOLS

The longitudinal motions presented herein were calculated zbout
the stablility axes. A diagram of the axes showing the positive direc-
tions of the forces and moment is presented in figure 1.
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wing area, sq £t

mean aerodynasmic chord, ft

weight of airplane, 1b

mass of alrplene, W/g, slugs

radius of gyration about Y body exis, ft
air density, 0.002378 slug/cu ft

airplane relative-density coefficient, m/pSc
velocity, ft/sec

acceleration due to gravity, 32.2 f£t/sec?
1ift, 1b

drag, 1b

pitching moment, £t-1b

1ift coefficient, L/%QVZS

drag coefficient, D/%QVZS
pitching-moment coefficient, M/%QVZSE
coefficient of drag at maximum coefficlent of 1ift

hypothetical 1ift cocefficient at a = 0° based on an
extrapolation from spproach o, for lift-curve slope in
the vicinity of approach a and with an elevator deflec-
tion which would be required to trim at approach «
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hypothetical pitching-moment coefficient at o = 0° based
on an extrapolation from epproach o, for pitching-moment
slope in the vicinity of epproach o and with an elevator
deflection which would be required to trim at approach o

thrust, 1b
t

height, f V sin 7 dt, £t
0

angle of attack, 6 - 7, deg

flight-path angle, deg

angle of pitch, deg

elevator deflectlon, deg

increment of height from trimmed level-flight condition

increment of angle of attack from trimmed level-flight
condition

increment of flight-path sngle from trimmed level-flight
condition

increment of angle of pitch from trimmed level-flight
condition

increment of velocity from trimmed level-flight condition

increment of elevator deflection from trimmed level-flight
condition

pltching angular velocity, radians/sec
rate of change of flight-path angle with time

rate of change of velocity V with time

per deg

per deg
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s = 2 per deg
€ e
oCL
CL@ e per deg
CD(Q) coefficlent of drag as a nonlinear function of «

Cry
Cma = v per deg

= aCIﬂ-
q agE
2v
Dots over symbols represent derivatives with respect to time, for
. 2
example, 7 = é—%.
ot

ATRPLANES INVESTIGATED

The configurations of the airplanes investigated asre shown in
figure 2. The alrplanes are herein referred to as airplanes A, B,
and C. Airplane A is an airplsne reportedly having good landing char-
acteristics. Alrplane B, having no horizontal tail, iIs an airplane
similer in configuration to that of the alrplasne reportedly heving
poor response to longitudinal control.. Airplane C, having no horizontal
tail, is an airplane having a generally similar configuration to that
of alrplane B but having a lower-aspect-ratio wing and different mass
characteristics. Although no flight data were avallable regerding the
landing characteristics of sirplene C, this ailrplane was included in
the investigation because, being similar to airplane B, it was believed
that this sirplane slso might have poor response to longitudinal con-
trol. The serodynemic, mass, and dimensionsl characteristics for the
landing configuretions of alrplanes A, B, and C are given in table I.
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PROCEDURE

In this investigation, the longitudinal motions of airplsnes A,
B, and C were calculated by an analog computer using the following
equations:

{r = 2|J.C (CD(CL) + CDSe ) -g 8ln 7¥ + T C;S o (la.)
T si
- oF (CLacr. + Crg_ Abe) .8 C:s 1 :vn a (1)
. ve < va
= T (Cmcx,“' + Cny, + Omg Aﬁe) + —E—k::yq | (1e)

The 1ift, dreg, and pltching-moment coefficients were Introduced
as functions of angle of attack and of elevator deflection. The lift,
drag, and pltching-moment coefficients as functions of angle of attack
were obtalned at the elevator deflectlon required for trimmed level
flight at 185.8 ft/sec (110 knots). The varistions of 1ift and
pitching-moment coefficlents with angle of attack were assumed linear
and the slopes were obtalned in the vicinity of the angle of attack
for trimmed flight at 110 knots. The drag coefficient Cn(m), however,

was Introduced as a nonlinear function of angle of attack because of
the large nonlinear variation of drag coefficient with angle of attack
in the angle-of-attack region investigated. The varistions of drag
coefficient with angle of attack for sirplanes A, B, and C are presented
in figure 3. Airplane A had high drag at Jow angles of attack, primg-
rily because of the drag due to dlsplacement of 1ift flaps. The 1lift,
drag, and pltching-moment coefficlents as functions of elevator deflec-
tion were obtained at the angle of attack for trimmed level flight at
110 knots. The variations of 1ift, dreg, and plitching-moment coeffi-
clents with elevator deflectlon were assumed lineer and the slopes
were obtained over an elevator range that extended from the elevator
deflection required for trimmed flight at 110 knots to the maximum
up-elevator deflection. Deflections of the elevator, and therefore
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values for the GLSE NBg, CDEe ABe, and Cmﬁe A, terms, were intro-
duced as step functions. The thrust and Cmq were held constant. The

aerodynamic characteristics related to the rate of change of angle of
attack, CL&, CD&, and Cm&, were neglected. It was felt that the

a derivatives would not sppreciably influence the motions investigated.
herein.

It was deslred to compare the motions of the alrplanes In order
to determine the difference, if any, in response to longitudinsl con-
trol after s motion had been initiated. In order to make the compari-
son, the following procedure was employed. The three airplanes were
initially trimmed for steady level fiight at a landing approach speed
of 185.8 ft/sec (110 knots). The initial trim values are given in
table IT. A disturbance from steady level flight was initiated by
deflecting the elevator down and holding the down deflection for 2 sec-
conds or 1 second after which an attempt to stop the ensuing descent
was made by deflecting the elevator full-up. An aemount of down-
elevator deflection for alrplane A was chosen which when held 1 second
or 2 seconds would result in a loss of altitude that might be desired
for a final correction during a carrier spproach. For comparison
purposes, 1t was considered desirable to have all three alrplenes
follow the same path of descent to the tlme when the elevators were
deflected full-up. An attempt to maske the descent paths of airplanes B
end C correspond approximately to the descent path of airplasne A wes
made by deflecting the elevators down on aslrplanes B snd C an amount
which would epproximately result in the initisl rate of change of nor-
mal acceleration being the same for all three alrplanes. The game
initial rate of change of normsl acceleration could be obtalned spproxi-
mately by making the initial rate of change of ¥, that is, ¥, the

t
same. The height is equal to k/ﬂ V sln y A&t and it was reasoned that
o

the amount of wvariation of V would be small during 1 to 2 seconds of
motion snd that, therefore, the descent peth would be determined entirely
by the factor sin y. It was felt, therefore, that if the initial
¥ values were made the same for all three alrplanes the descent paths
would also be approximately the same over a short time interval. The
down-elevator deflections required for sirplanes B and C were deter-
mined on the basis that the initiasl value of ¥ was proportional to
2

Vi veC

CE_ ___E§E ABe.
2ue  2pig?
tion due to elevator deflectlion was neglected. The analysis used for
obtaining this parameter is given in the appendix. The amount the
elevator was deflected down from the initlal trim deflection for 1 sec-
ond or 2 seconds on airplanes A, B, and C 1s given in teble ITI. As

The Increment of force affecting the normal accelera-
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previously mentioned, the elevator on each sirplene was then deflected
from the specific down setting to the full-up position. The amount of
elevator deflection thus made on alrplesnes A, B, and C is given in
teble ITII. The use of full-up elevator would give the maximum accel-
ergtion in pitch possible for a given alrplasne configuration. It wes
realized that use of full-up elevator and the introduction of elevator
deflection as step functions do not sirmulate the actual control
deflectlons that would be used by a pilot, but it was felt that the
use of this procedure would reveel any differences in response due

to 1nherent stabllity and control characteristics that might exist
between airplames A, B, and C. This procedure was employed therefore
to get the maximum response that would be theoretically possible for
a given alrplene configuration. The elevator deflection was reduced
from full-up to a deflection that would trim the airplane at the angle
of attack of maximum 1ift and also wes reduced in time to prevent the
airplane from exceeding by more than approximately 3° the angle of
attack of maximum 1ift.

The motion in response to the prescribed elevator deflections was
recorded in terms of velocity, angle of pitch, angle of attack, £light-
"path angle, and height with respect to time. These values are presented
herein as increments from the initial trim values presented in table II.
The motions are presented until the lost height is regained. The
effects of the total elevator effectliveness, the change in 1ift due to
elevator deflection, the alrplane demping, and the ratio of 1ift to
%rag on the response of the a%rplane were determined. (The phrase

total elevator effectiveness refers to the effectiveness of the
evailable elevator deflection in ceusing an initial rate of change of
flight-path angle.) In order to determine the effects of these factors
on the response, the factors involved were changed and the resulting
motion was compared with the motion obtained for the originsl condition.

The effect of total elevator effectiveness on response was deter-
mined by increasing the elevator deflections on airplanes B and C. The
values of total elevator effectiveness on alrplenes B and C were
increased amounts which resulted in the total elevator effectiveness
of these airplanes corresponding to the total elevator effectiveness
of alrplene A. This was attempted by increasing the up-elevator
deflections of alrplenes B and C an emount, determined by the method
described previously, such that all three airplanes would have spproxi-
mately the seme initisl increment in ¥ at pull-up. The amounts the
elevators were deflected up from the down position are given in table III.

The effects of the change in 1ift due to elevator deflection on
the responses of airplanes B and C were determined by making CLSe =0

and comparing the resulting motions with the motioms obtained for the
original condition. The effect of increasing the total elevator
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effectiveness by increasing the elevator deflection and at the same
time eliminating the change in 1ift due to elevator deflection on the
response was also determined for alrplanes B and C.

The effect of the airplane-damping term on response was determined
by making Cmq = ~3.5 and -12.0 on airplsne B and compering the

fesulting m?tion wlth the motion obtained for the originsl condition
Qmé = -1.5).

The effect of L/D on the response of sirplane B was determined
by changing the polar curve of airplane B and the resulting motion was
compared with that obtained for the original conditlon. The ratioc of
lift coefficlent to drag coefficient of airplane B was made equal to
that of airplane A over approximately the range from trim lift to
maximum 1ift by changing the drag curve of airplane B. The variation
of drag coefficient with angle of attack used for alrplane B is given
in figure 3. .

RESULTS

Comparison of Alrplanes A, B, and C

A1l three airplanes (fig. 4) respond to the up-elevator deflection
in that the descent is stopped and the lost height is regained. It
takes approximately twice as much time, however, for airplane B to
stop its descent or to regaln its lost helght after up-elevetor move-
ment ag it does for airplane A. IiL is therefore indlcated that =
pilot might become aware of the difference in response between air-
plenes B and A when sttempting small helght corrections during a short
period of time. During the added time required to stop its descent,
airplane B would have traveled spproximately 186 feet, because its
velocity was 185.8 ft/sec (110 knots). Some lsg in the response of
airplane C, when compared with airplane A, was also present but its
regsponse was considerably better than that of alrplane B. Figure 4
shows that airplane A, in response to the up-elevator deflection, was
able to accelerate more quickly in angle of pitch, angle of attack,
and flight-path angle than sirplenes B and C which accounts for air-
plane A responding more quickly in height than d1d airplenes B and C.
The influence that the conflguretions of alrplanes B and C had on the
lag in height response are given in the sections that follow.

Effect of Changes on Alrplane B

The effect of increasing the totel elevator effectiveness on the
response of airplane B is shown 1In figure 5. As previously mentioned,
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the phrase "total elevator effectiveness" refers herein to the effec-
tiveness of the available elevator deflection in causing an initial
rate of change of flight-path angle. Increasing the total elevator
effectiveness to that of airplane A (with the difference in the change
in 1ift due to elevator deflection neglected) by increasing the up-
elevator deflection greatly lmproved the response of airplane B.
Eliminating the change in 1lift due to elevator deflection (fig. 5)
gave some improvement in response. Increasing the up-elevator deflec-
tion and meking CLBe = 0 gave the quickest response.

For the given down- and up-elevator deflection (forcing fumction),
incressing Cmq (fig. 6) haed essentially no effect on the time it

takes the airplane to stop 1ts descent. The magnitudes of angle of
pitch, angle of attack, flight-path angle, and helght were decreased,
however, as Cmq was lncreased.

When L/D (fig. 7) was increased to that of airplene A, the lag
in response was improved only slightly. The importance of this fector
on the response of an airplane over a more extended time period will
be examined later herein.

Effect of Changes on Airplane C

Since increasing the total elevator effectiveness was shown to be
the important factor in decreasing the lag in helght response of alr-
plane B, this factor was also changed on airplane C (fig. 8). Increasing
the total elevator effectiveness to that of airplane A (with the dif-
ference in the change in 1ift due to elevator deflection neglected) by
increasing the up-elevator deflection gave some improvement in the
response of alrplene C. The response was Ilmproved to a much greater
extent when the change in 1lift due to elevator deflection was eliminated.
Whereas increasing the total elevator effectiveness by increasing the
up-elevator deflection affected the response of airplane B more than
airplane C, eliminating the change in 1ift due to elevator deflection
affected the response of airplane C more than that of alrplane B. An
explanation of these effects is to be given later herein. The quickest
response was oObtained, as for airplane B, when the up-elevator deflec-
tion was increased and CLae was made equal to zero.

For ease of comparison, the motions obtained for airplane A are
compared in figure 9 with the motlons obtalned for airplanes B and C
when the total elevator effectiveness had been increased by increasing
the up-elevator deflection and mseking CLSe = 0. It can be seen that

the responses of airplanes B and C now compare very favorably with the
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response of airplane A. The improvement in response of airplanes B
and C, from that shown on figure I for the original condition, was
obtained by Iincreasing the total elevator effectiveness and by making

CLg, = O-
DISCUSSION

Examining some of the parameters which are involved in the longi-
tudinal motion may give an understanding of the resulte that were
obtained. The parameters for airplanes B and C are given relative to
those for sirplane A in table IV. These parameters include the aero-
dynamic, control, and mass characteristics and are indicative, compara-
tively, of the mgtion to be expected at the time the control is deflected.

vee
The perameter __4229 indicates the effectiveness of the elevator with
2pky
respect to its abllity to produce a high rate of change in angle of
pltch. The elevators of airplenes B and C were less effective than that

VC.
of alrplane A. The parameter E? indicates the ability of the
2ue
configurastion, when piltched, to change the 1ift and, therefore, the
normal acceleration. Airplane B was less effective than, and airplane C
wag about as effective as airplane A in changing the 11ft due to angle
VG Uzcmﬁ
of attack. The parameter Lo ——€ obtained by combining the two
2K 2
parameters 1s indicative (see appendix) of the elevator effectiveness
on the rate of change of flight-path angle (with the CLae term

neglected, however). Based on this parameter, airplanes B and C were
approximately 2/5 and 3/4, respectively, as effective as airplane A.

The emount of elevator deflection available from the down deflec-
tion to the full-up position on alrplanes B and C is given in teble IIT
relative to the amount of elevator deflection available on airplane A.
Afrplanes B and C had a smaller smount of up-elevator deflection avail-
able than did airplane A. Airplane B had the leag; of all three alr-

- v
i —mg?- ABe availsble
2ue 2
for airplanes B and C was szbout 1/4 and 2/3, respectively, of the total
elevator effectiveness available for airplane A (table III). This
would indicate why alrplane B had the greatest lag in height response
(fig. 4). For airplanes B and C to have the total elevator effective-
ness of airplane A, it was necessary to increase the amount of up-elevator

planes. The total elevator effectiveness
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deflection 4 times and l% times the original up-elevator deflection

on airplanes B and C, respectively (table ITI). The elevator deflec-
tion used for airplane B was approximately -T4° and it was realized
that the deflection was excessively large and beyond the linear range
of Cmae. The change required on airplene B, however, is illustrative

of the differences in the airplanes. 8Since alrplane B lascked so much
more totel elevator effectiveness thesn did airplane C, it is under-
standable why the greatest lmprovement in response was cobtalned on
alrplane B when the total elevator effectiveness was lncreased by
increasing the up-elevator deflection.

VCL,
The parsmeter ———EQ (table IV) indicates the change in 1ift and,
2uc
therefore, normal acceleration due to elevator deflection. When the
elevator is initislly deflected this change in lift opposes the change
in 1ift due to a desired change in angle of attack. As seen from the

Ve,

motions presented herein, the parsmeter ?? introduces a lag in
2uc

chenging the flight-path angle and, therefore, in height response. The
change in 1ift due to elevator deflection was approximately 2 and 3 times
greater for airplanes B and C, respectively, than for airplane A
(table IV). Considering the up-elevator deflections available, it can
VCLSe ABg

be-seen (teble ITI) that the parameter for alrplane B was

2uc
about the same as for sirplane A, vwheresg the peresmeter for airplane C
was approximately 2% times that of alrplane A. 8Since this parameter,

for alrplane C, was more then twice as large as that for airplane B, a
greater Improvement in height response was obtained on slrplane C than
on eirplane B when the GLSe term was made zero.

The time it takes an alrplane of a specific configuration to
respond in height, for a given elevator deflection, depends on the rate
at which 1t can change the flight-psth angle. For a short-period motion,
the rate of change of the flight-path angle depends mainly on the magni-
tude of welght, moment of inertia, Cmae, CLm’ CLSe’ and Abde. An

increase in weight, moment of inertia, or CLae or g decreasge in
Cmge, CLgs Or ABe will tend to decrease the ability of the airplane

to respond quickly in helght. Most alrplanes having no horizontal teil
will have low values of Cm6 and high values of CL5 and therefore
e (]
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should be expected to have a lag in helght response when compared with
an airplane having the same weight, mament of inertia, Cluf and AS,

but having & horizontal tail.

In order to determine the effects of some factors on the response
over a long time period, the motions for all three airplsnes presented
and compared in figuree 4 and 9 for the 2-second cases are continued
for e longer time period 1n figures 10 and 11, respectively. As was
mentioned previously, all three alrplanes respond to the up-elevator
deflection in that the descent is stopped and the lost height is
regained. Figure 10 shows that the height continues to increase over
a considerable time after the lost height is regesined. If an ailrplane
1s flying at an attitude such that an increment of 1ift will be obtained
when pitched up by the up-elevator deflection the airplane will ini-
tially respend by geining helght due to the resulting excess velocity
present. Figures 10 and 11 show that the effect of drasg on the velocity
is a long-period effect. The additional drag cohtained when the air-
planes were pitched up absorbs veloclty over approximately 10 seconds
during which time the airplanes are gaining height. Mention might be
made that the magnitude of height change (change of potential energy)
to be obtained, depends on the emount of change of the kinetic energy.
The application, therefore, of elevator deflections as step functions
or ramp functions will give the same magnitude of height change. The
magnitude of height to be eventually attalned and the time at which it
will be attained, for a given elevator deflection, depends on the
amount of 1lift and drag Incurred. As shown in figure 10, airplanes B
and C did not gain as much height as airplane A because alrplanes B
and C had either greater values of CLtrim/chax or smaller values

of thrim/bDC than did airplene A. A comparison of figures 10

and 11 shows that when airplenes B and C had CL8e = Q, indirectly a

greater increment of 1ift was obtalned by this procedure, the alrplanes
responded in attaining a greater chenge in height magnitude. It can be
sald that values of L/D obtained during the longlitudinal motion affect
the response Iin time and magnitude of the maximm height to be attalned
over a long time period. All airplanes eventually assumed a glide angle
and descended because of the increased drag st the new angles of attack,
but if the thrust, which had been maintsined constant, had been increased
accordingly the airplanes could have been retrimmed for steady level
flight at the meximum heights obtained.

CONCLUDING REMARKS

The results of the investigation presented herein indicated that
poor alrplane response to longitudinal control over a short time period,



1k L NACA RM L53B10

as was reported for a specific configuration, may have been the result
of a time lag in height response. The lag in height response was
mainly the result of a low elevator effectiveness in changing the
£flight-path angle. In general, it was found that, over a short time,
the rate of change of the flight-path angle depends malnly on the mag-
nitude of the weilght, the moment of inertis, the slopes of the curves
of pitching-moment and 1ift coefficlents as functions of elevator
deflection Cmﬁe and CL8 , respectively, the slope of the curve of
e

1ift coefficlent as a function of angle of attack GL@, and the aveila-
ble elevator deflection Abe.

An increase in weight, moment of inertla, or CLSe’ or a decrease
in Cmﬁe’ CLa’ or ABe wlll tend to decrease the ablility of the gir-

plane to respond quickly in helght. The magnitude of alrplane demping
and the magnitude of the lift-drag ratio, for a short period of time,
did not have an appreciable effect on the time of height response.

The importance of the differences found in the response character-
istics between swept~-wing alrplesnes of low aspect ratio having no horl-
zontal teill and conventional airplanes can only be evaluated by flight
experience. Other factors such as renge of vislon, unusual control
feel, the pilot's reaction to the relatively large nose-up attitudes
of the swept-wing airplesnes of low aspect ratio and psychological
influences associated with new types of airplanes may be of equal or
greater importance.

Langley Aeronsutical Laboratory,
Netional Advisory Committee for Aeronsutics,
Langley Field, Va.
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APPENDTX

A CONSIDERATION OF FACTORS PERTINENT TO LONGITUDINAL

RESPONSE OF ATRPLANES IN SHORT TIME PERIODS

The calculations performed in this paper were, a8 previously noted,
based on the three longitudinal equations of motion and the calculations
are accurate to the extent of the completeness and accuracy of the
aerodynamic characteristics used. Consideration of airplane longitudi-
nal stability for short-period oscillations has shown that the pertinent
factors regarding the short-perlod modes may be obtained from considera-
tion of only two degrees of freedom assuming the velocity to be constant.
It is possible, therefore, that factors pertinent to short-time responses
to longitudinal control movement also may be obtained from consideration
of only two degrees of freedom. These degrees of freedom are expressed
in the equations of the normal and pitching accelerations previously
given in the text as equations (1b) and {(1c), respectively.

If the initial trimmed conditions are subtracted from these equa~
tions, the following expressions result:

. v gfcos(y + Ay) - cos 7]
= — Aa, + AB - +
T[éin(m + Aa) - sin a] (A1)

mvV
Cp TV8 v2

. q

8 = + Cm. A + C ABe (a2)
rag? g ? O 8 T O £99)

The gravitational and thrust force terms in equation (Al) can be shown
to be of a lower order thaen are the aserodynamlc-l1ift terms and, there-
fore, are of secondary importance to the motion. The remaining terms

in equation (Al) are the 11ft due to a change In angle of attack clu, Doy

the primary force for changing the flight path, and the 1ift due to
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the control deflection CL8 ABg, which is an inherent force which
e

opposes the desired change in normal acceleration snd flight peth. If
factors of secondery importance are neglected, equastion (Al) may be
written as

A
5 = 2_-(CL¢ Aa + Opg_ Ase) (43)
ue
from vhich
2uc CLg
M=y € ABe
VCL, cL05
and
. 2uc ..
a = ¥
VCLG
“ - 2pe 5
VCLCL

Since 6 = o + 7, equation (A2), wilth proper substitutions, may be
written as

248 luky? 8l 2k’ 2T 2k,

2 ve 2
. VCLm_VCchy_+_vchmcmq_vcm¢;= L, VCn,

Lde +

vz
ngg __EEEE.Aﬁe (Ak)
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b2ya? - Lb

3C NACA RM L53B10 A
» A solution of this equatlion for the flight-path angle
following results:
Mt 2_Mat v 2 2 Mt 2_hot
L = Loe(s rple ™t - ap¥e L lae Vilmy, | apfe™” - 1%t
= = e
2uT blaZ - b 2T 2k’
v 2 A.lt 2 ).zt
(t a)AS ™ zcmﬁelzze - M"e (
= - &2 e - — -{L
b2 2uc 2pky2 L bz\,éz - b LI
wWhere
o or, Vomg®
21 ll-pky.z
“ 2 2
v
b = - CLa. Mg v Cmu.
8u2ky2 Zukyz
A = a Va.z - )-I-'b
1 = E -z
and
2
a< - Ub
2 2
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The change in height AZ =U/\V sin ¥ dt sappears to be the important

factor concerning the problem of short-time response, the value of ¥
given in equation (AS5) is of prime Importance if the velocity is

assumed to be approximately constant. Thus the factors influencing ¥
in equation (AS5) are those factors pertinent to the short-time responses
to longltudinal control movement.

If the 1ift due to the control deflection CL8e was zero, then 7
would be directly proportional to the factor

[o# =]
.____E_.A@e
2uC  2Uky

In this paper this factor wes made the same for all airplanes, in order
to make the initial flight peths approximstely the same In the push-
over, by using approprlate amounts of elevator deflection. Similariy,
when the elevator was moved up to check the descent, this factor, based
on the initial velocity, also was used although the velocltlies had
changed somewhat and the values of 7y and ¥ at the time the elevator
was moved up were only approximately gimiler for all airplanes. This
factor has been termed the total elevator effectiveness and, for the
up-elevator cases when this factor wes made the same, based on the
initial velocity, the airplanes were sald to have the same total
elevator effectiveness.

The contributions to 7 due to the terms contalning the 1lift due
to elevator deflection CLSe are compared with the contributions of

the terms containing the 1ift due to angle of attack C}LCL in table V.
The contributions to ¥ of the CLSe terms for airplane A are about

T percent of the contribution of CLa terms, whereas for alrplanes B

and C the contribution 1s about l/h to 1/3 of the contribution of
QL@ terms.

It 1s aspparent that the other aerodynemic characteristics Cmgy
and Cmq will influence the motion and are of increasing importance

as the time in the motion increagses. Of major importance to this
contribution to the motion is the term
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. VZCLmCmq ) vzcmu
Suzkyz zp.kyz

In spite of the widely varied serodynamic characteristics of airplanes A,
B, and C, the values of b are simllar for these alrplanes.

A solution of equation (Ak) for the derivatives of 7 gives the
following results:

\[& z Mt Aot
. Very, YL, VonC X vor, vzcmse rpe Ll - ape2

— — 2 — 2 Ade
2He  2Mc Lk, 2pc  2pky (A - A1)

-+

2¢ Ve 2
VCLC!. v mBe - Lse v Cmu. Ase (Aﬁ)
2.0 Zukyz 2u  2ulg P

v = vee Mt Aot
:7.=- CLd,chﬁevcch_l_chm mseel _ez

= — 3 — P2 ABe (a7)
2uC  2HE  hpky 2uc  zHky A2 - Ay

2
v — v At Mgt
P Yry, "o, Vng® | o, i

= - 5 = > ABe (a8)
2ue 2uc hpky 2ue ZLka- Ao = A

Exemination of these equations indlcates that at zero time for a
step input of elevator deflection, making the factor

g2
VCL, VCng,

eASe

2uT kg’
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the same for all three airplsnes mekes 7 (eq. (A8)) at zero time,
approximately the same in that the other term is of lower order and
therefore of only secondary importance. The rate of change of the
normal acceleration, which is proportional to % (eq. (A7)),also will
be approximately the same for all airplanes at the beginning of the

motion.
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TABLE I.- AERODYRAMIC, MASS, AND DIMENSIONAL CHARACTERISTICS
[Aerodynamic cheracteristics are referred to stability axes; mass and
serodynamic characteristics given for landing configuration]
Characteristic Alrplene A | Airplane B | Airplane C
Wing eres, 8¢ £6 v « « ¢« + &« « & « & %400.0 535.3 557
Meen aerodynamic chord, £ . . . . . 8.28 13.69 18.25
Weight, 1D o « 2 « o « & o o « o« = « = o 19,642 22,862 1,517
Center of gravity, percent & . . . . 25 il 2y
Moment of inertia about Y body axis,
BIUE-FEZ o v o o o @ 4 s a e e . 10,658 43,750 31,707
Radius of gyration gbout Y body
axis, £t . . . . . . “ s e e e e 8.17 T7.85 8.38
Airplane relative-density
coefficient, H « o « « « « « & T7.4 40.7 18.6
Mass parameter 1 , Pt=2 . .. a7 X 10'6 199 x 10"6 382 x 10'6
Zp_ky
Mass persmeter =, ££7L . . . 78 x 1075 | 90 x 1075 | 147 x 1075
2ue
C per radian . . . . . . - -12.0 -1.5 -0.5
Tq
Cma per degree . . . . o o s . -0.0172 - 0.0050 -0.0031
e
CIla per degree . . . . e s 0.00600 0.01025 0.00900
e
Ch per degree . . . . . .. 0.00056 0.00090 0.00095
&
e
C, Derdegree .. ....... -0.01034 -0.0067T5 -0.00400
a
CL per Aegree . . . . o - o .. 0.0842 0.0525 o.O476
[
Cp - -« - « & o o & o a8 s e s o a = ¢.0172 0.1475 0.063
[o]
CL v e e e e s e e e . e o s = 0.814 -0.187 -0.158
o
e e e s e e e e e e . (a) (=) (a)
D(a)
c C (trim at 110 knots) . 0.630 0.793 0.648
Cpy Cp (trim =t 110 knots) 0.577 0.609 0.353
trim CI
Bg 4988 . . ... e .. e -18 -30 ~20
mex

-
Shown in figure 3.




TARLE IT.- INITIAL TRIM VALUES FOR STEADY
1EVEL FLIGHT AT 185.8 Fr/SEC (110 RNOTS)

Mrplane a, deg Y, deg 0, deg T, 1b 8o, deg
A 1o 0 hlo | 2,682 |s.0f 15w
* ’ ? (stabilizer
B 21.85 0 21.85 L7170 |20.0
_ 30° wp
c 15.97 0 15.97 2,781 1.5 (trimer)

ad

OTgEST W VOUN




TABLE IIT,- FLEVATOR DEFLECTIONS USED AND COMPARISON OF RESULTING PARAMETERS

AFFECTING LONGITUDINAY, MOTION
I:Parameters for airplanes B apnd C given relative to those for airplane A]

2
: Ve, Mg VC
Pugh-down Pull-up Be Lo, VCLBE 2B
M, deg OBe, deg £Bg 2ukyR 248 ond
. fram (Aﬁ
Airplane | (fram trim ( e)A V¢, B, VC VCp. AP
elevator push-down (for pull-up) M8~ ° L, B ©
deflection) | Cievator ——
deflection) 2pk.y2 2ué [ aue [,
(a) ()
Original elevetor deflection
A 1.86 -2k .86 ———— - m———
B 4.33 -14.33 0.58 0.25 1.14
c 2.5 -20.9%6 .8k .6k 2.37
Increaged up-elevator deflection
B 4.33 €_57.81 2.33 1.00 S
c €245 €_32.71 1,32 1.00 —

aPa.rameter indicates total available elevator effectiveness in causing s rate of change of
flight-path angle (neglecting change in 1ift due to elevator deflection).

h1='a.rza.mei',er indicates change in 11ft due %o elevator deflection.

These Ab values resulted in the initial increment of 7 beilng approximately the aame
as for alrplane A (neglecting change in 1ift due to elevator deflection).

OTgE ST WY VOVN

%]




TAELE IV.- COMPARISON OF PARAMETERS AFFECTING LOKGITUDINAL MOTION

[?arameters for airplanes B and C given relatlve to those for alrplane 4]

2 V2
1 v Cmﬁe N chae cha, Cmae VCLOZ
2u? | Cmg | 2% | ) e | Tam | Qg | B | ax? as

) [ ) @ B [ ) (o
A 2uky” /, 2uc Jp ¢ /al\ang? 3 A

(a) (b) (e)

B 2.06 |0.29 0.60 1.15 | 1.7 1.97 | 0.62 | 0.7L 0.43

c 3.94 .18 vl 1.88 | 1.50 2.82 57 | 1.07 .T6

SParemeter indicates elevator effectiveness in causing & rate of change of pitch angle.
arameter Indicetes chenge in 1ift due to elevator deflection.
CParameter indicates elevator effectiveness in causing a rate of change of flight-path
engle (neglecting change in 11ft due to elevator deflection). ~ L

He

OTat ST WY VOVN



TABLE V.- THE CONTRIBUTIONS TO y OF TERMS PROPORTIONAL TO CLu. ARD GL‘(‘)
e

equations; valuee are given per unlt elevator deflection]

Eﬁalculationﬂ made by anslytic solution of the pitching- and normal-acceleration

Alrplane A Airplane B Alrplane C
Time,
Bec A B 7 A B 7 A B 7
(2) (b) (e) () () (c) (s) (b) (e)
0 0 0 0 0 0 0 0 0 0
1 -.64 Ol -.60 =37 .09 -.28 -.52 .13 -.39
2 -1.11 .08 -1.03 ~.55 .19 -.36 -.81 .27 -.54
3 -1.97 .12 -1.85 ~.89 .28 -.6L -1.48 42 -1.06
4 ~2.92 .16 -2.76 ~1.31 .37 ~.94 -2.02 .53 -1.49
o At t
A o WL“ vzcmﬁe -'\'228 l - lee)'z _ (E ) ij -
e Zuk,’ 2[5 b2
ne  Zuky | b |,€ e /|
Mt t ' *
ancLﬁeLJr’“zel _,leelz +ch5& Vzcmu?-zze)'l - a2e? _(E_i)
W

o

OTEEST WH YOVN




Horizontal axis

Figure 1.- Skeich showing stebility axes. Arrows indicete positive direc-
tion of forces, moment, and angles.

9c
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4993’

{(a) Airplane A.

Figure 2.- Three-view drawings of airplanes investigated.
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(b) Airplane B.

Figure 2.- Continued.
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4425’

ey
C

3e/7

(¢) Airplane C.

Figure 2.- Concluded.
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Coefficient of drog, Cp

3
A
A |z
—— Aiplane A (8¢=5.0°) ’/ L’
——— Alrploe B (Bg=-20.0°) T
——— Arplane B madified Y, ,
—--— Airplane C (89='I'5° with ~30° frimmer) / / } ‘_/
3 A ‘ < o
4 ‘ T
./ / o /—
- ape
2 /’/ R
// ”
=
[ 4-—// ,//
1
0 .
-8 -4 Q aq 8 2 16 20 24 28 32 36

Angle of attack , a,deg

Figure 3.- Variation of drag coefficient with angle of attack for air-

Planes A, B, and C,

g
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-4 \% ' ; a0 ———— Arplane A
\ / h ——— ipine B
£ -8 N . 20 o
N / T o Aipne €
3 / S 10 A4S
-2 7 o /_/ S
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-20 -10
-
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‘-Q \‘ 30
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£ .5 W p 20
= \ o -
Q_IO \\ N\ %IO I//—_‘ = o
\ \ ‘qb /’f/
15 \ 0 \%Z/
-0
6 {
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g [/ I
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< ,/ } “;'3 o —
T N/ <4 T =
L’
0 2 3 4 5 6 z 4 5§ 8
Tlme,sec Time s0¢

(a) Pull-up after 2 seconds.

Figure L.~ Comparieon of response to avallable longitudinal control on air-
planes A, B, and C. Initial trim values given in table II.
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(b) Pull-up after 1 second.

Figure 4.- Concluded.
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Original  elevator  deflection
-8 N =’/ 3l TN | orindd elevotor deflection
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2 3 4 § 6 0O | 2 3 & B 6
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(a) Pull-up after 2 seconds.

Figure 5.- Effect of increasing up-elevator deflection, of eliminating
the change of 1ift due to elevator deflection, and combination of
both on the response of airplane B. Initial trim values given in
table IT.
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N / g / ~——— Original elevator deflection,
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(b) Pull-up after 1 second.

Flgure 5.~ Concluded.
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(a) Pull-up after 2 seconds,

Flgure 6.~ Effect of varying Cmq on responge of alrplame B. Initiel
trim values given in table II.
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(b) Pull-up after 1 second.

Figure 6.- Concluded.
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{a) Pull-up after 2 gecondg.

Figure 7.—'Effect of increasing L/D on Tesponse of airplane B, Initial
trim values given in teble TT.
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(b) Pull-up after 1 second.

Figure 7.~ Concluded.
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() Pull-up after 2 seconds.

Figure 8.~ Effect of incressing up-elevator deflection, of eliminating
the chenge of 1ift due to elevator deflection, and combinatlon of both
on the response of airplane ¢. Initiel trim values given in teble TT.
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Figure 8.- Concluded.
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(a) Pull-up after 2 seconds.

Figure 9.- Comparison of response to longitudinal control on alrplanes A,
B, and C. Ailrplanes B and C had increaged up-elevator deflection and
the change I1n 1ift due to elevator deflecticn eliminated. Initial trim
velues glven in table IT,
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(b) Pull-up after 1 second.

Figure 9.- Concluded.
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Figure 10.- Comparison of response to avallable longitudinal control on
alrplenes A, B, and C for a long period of time. Initial trim values

given in table IT.
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Figure 1ll.- Comparison of response to longitudinal control on airplanes A,

B, and C for a long period of time. Alrplanes B and C had increased

up-elevator deflection and the change in 1ift due to elevator deflection
Initial trim values given in table IT.
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